[Context] Eliciting requirements is a commonly discussed task. However, after they are ready, it is essentially important for a software project that these requirements are sufficient for stakeholders to reach their goals. Therefore, techniques to negotiate schedule, price, quality, and scope among stakeholders are important.
INTRODUCTION
Requirement engineering involves a wide variety of stakeholders (e.g., users, customers, developers, project managers) and difficulties associated with the communication between them (Méndez Fernández et al., 2016) . Accordingly to (Schopenhauer, 1831) , men are moved by the idea of selfishness. Considering this fact and the different goals of the stakeholders, it is easy to understand why conflicts are common. Another important aspect is that when bonds are made and relationships of trust are established, people (in our context software project stakeholders) will try harder to find consensus during negotiations on their different dimensions of interest (Le Bon, 1895) .
The different dimensions of interest present in software requirements negotiations are Level of Service, Capabilities, Schedule, Cost, and Productivity . Depending on the situation, each dimension can be variable , but the change in one of them will always affect the others.
Hence, it is difficult to find the ideal trade-off between the dimensions and software requirements negotiation is fundamental to the project's success (Boehm et al., 1995) . There are many different techniques to conduct software requirements negotiation, but currently there is no clear overview of the available ones. Therefore, we conducted a mapping study on those techniques to provide such overview.
To allow for a precise understanding what we mean with a software negotiation technique in the context of this paper, we created the following definition: a series of steps, method and rules that are applied by two or more people trying to reach a consensus and establish agreements that minimize the differences in their points of view regarding the software requirements. It is noteworthy, we only understand techniques as requirements negotiation techniques if they are designed to be conducted by two or more people. This excludes other techniques, such as solo requirements prioritization techniques.
The goal of this paper is to identify and to provide an overview of requirements negotiation techniques, published in academic literature, and their characteristics. The main findings of the papers and the advantages and disadvantages reported for theses techniques are also presented and discussed.
The remainder of this paper is organized as follows. In Section 2, we describe our research questions, systematic mapping planning, execution and the identified papers. In Section 3, we discuss the results and proceed to answer our research questions. Finally, Section 4 presents the concluding remarks.
SYSTEMATIC MAPPING
This section, presents the planning, execution and the identified papers of the systematic mapping study. In order to conduct the mapping on software requirements negotiation techniques in a wide and unbiased way, we used the definition presented in the introduction and built our protocol according to the guidelines defined by (Kitchenham and Charters, 2007) .
Planning
Our systematic mapping study addresses one main research question named RQ1: "Which techniques have been proposed and(or) used to negotiate software requirements?".
Software requirement negotiation techniques may be defined, applied or evaluated in many different contexts. To better understand the context where these different techniques are mentioned, we propose to also analyze the following secondary research questions: (i) SQ1. "Where the requirement negotiation techniques were defined, applied or evaluated, in industry or in academy?"; (ii) SQ2. "What are the types of research about requirement negotiation techniques that have been published? (e.g., Evaluation research, Solution proposal, Philosophical paper, Opinion paper, Experience paper)?"; (iii) SQ3. "What are the types of primary studies that have been used to evaluate requirement negotiation techniques? (e.g., experiment, case study, survey)?"; (iv) SQ4. "What are the advantages and disadvantages of each technique according to the literature?"; and (v) SQ5. "What is the knowledge (main findings) found in the literature about each technique?".
The types of research mentioned in SQ2 were obtained from (Wieringa et al., 2005) and can be described as follows: (i) Evaluation research: implemented in practice, the evaluation of the implementation; demands more than one demonstration case study.; (ii) Solution proposal: Solution for a problem is proposed, benefits/application is demonstrated by example, experiments, or student labs; (iii) Philosophical paper: New way of thinking, structuring a field in form of a taxonomy or a framework, secondary studies like SLR or SMS; (iv) Opinion paper: Personal opinion, not grounded in related work and research methodology; and (v) Experience paper: Personal experience, how things are done in practice.
Our search strategy to identify relevant papers describing requirements negotiation techniques included conducting a search string-based query and complementing the results by applying backward snowballing (searching for new papers in the references). The elaboration of the search string followed the PICO strategy, as suggested by (Kitchenham and Charters, 2007) .
The Population is defined as software projects (keyword software); the Intervention is what we are observing within the population -requirements negotiation techniques (keywords scope, requirements and negotiation). As common for mapping studies, there is no Comparison and no definition for the Outcome of the primary studies. The resulting search string follows: (("software") AND ("scope" OR "requirements") AND ("negotiation")).
For filtering the papers we defined the following inclusion and exclusion criteria (Table 1) . Those criteria should be applied by two independent researchers. In case of differences in their classification a third researcher should be involved to also evaluate to reach final consensus.
To check the efficiency of our string-based query, we manually identified 3 relevant papers that attend the inclusion and exclusion criteria and are used as control papers: (i) Software requirements negotiation using the software quality function deployment (Ramires et al., 2005) ; (ii) Integration of scrum with Win-Win requirements negotiation model (Khan et al., 2014) ; (iii) Requirements Negotiation Using MultiCriteria Preference Analysis (In and Olson, 2004) . The papers found in the query result should be analyzed by title and abstract, taking into account the proposed inclusion and exclusion criteria. This analysis should naturally result into two groups: the ap-proved papers and the rejected ones. The first group is the starting point for the next filtering phase. In this step, the researchers read and evaluate each paper using the aforementioned criteria to decide whether the paper is aligned with the research goal or not. The resulting papers from this step are considered in a backward snowballing process, which significantly contributes to finding relevant research in the literature (Badampudi et al., 2015) . With the articles that had been found by applying the snowballing, we repeated the same filtering processes that was done previously. The snowballing and filtering are iterative, i.e. they stop when there are no more results to be added.
We extract the following data from the included papers: (i) Reference; (ii) Technique name; (iii) Technique description summary; (iv) Environment (academic or industrial); (vi) Type of research (Evaluation research, Solution proposal, Philosophical paper, Opinion paper, Experience paper); (vii) Type of primary study (Experiment, Case study or Survey), if applicable; (viii) Main findings of the paper (knowledge found); (ix) Advantages; and (x) Disadvantages.
Execution
For conducting our search strategy we selected Scopus, which claims to be the largest database of abstracts and citations (Kitchenham and Charters, 2007) . Applying the filtering to the papers retrieved by Scopus should allow us to obtain a large and unbiased set of papers that could be used as a representative seed set to start backward snowballing (Badampudi et al., 2015) . We used the search string to conduct the query in Scopus, limiting the results to the areas of computer science and engineering.
The search in the library was performed in November 24th 2015 and retrieved a set of 408 papers. These papers were read and filtered by the first two authors following the aforementioned protocol, consulting the last author in case of classification differences. The set obtained after the first round of filtering (by title and abstract) contained 39 papers, and the one obtained after the second round of filtering contains 18 papers.
Control papers (1) and (3) were successfully retrieved. We observed that the control paper (2) was not retrieved due to the area restriction (computer science and engineering), which intended to avoid papers from areas like economics . The reason was that the paper (2) was classified as multiarea. This reinforced our confidence of having a good search string for retrieving this kind of paper. Despite this indexing issue, control paper (2) was considered and its data was extracted and included in the set of 18 papers.
During the first iteration of the backward snowballing process using these 18 papers as seed set, a total of 383 papers were found. After the filtering by title, the set was reduced to 56 non-duplicated papers. The abstract filtering reduced this amount to 26. After analyzing the content of each paper we had 15 additional papers that passed our criteria. During the second iteration, within the 332 references of these 15 additional papers, 7 non-duplicated papers that had not been analyzed before remained after the filter by title. Out of these 7, 3 were excluded by reading the abstract and the other 4 had promising titles but had to be excluded using criterion EC2. Thus, our final set remained with 33 papers that met our criteria and that had their data extracted.
The identified papers, their publication years and the references among them are shown in the citation graph available at https://goo.gl/ZjG2bv. It depicts the 18 identified papers retrieved from Scopus as the seed set in green. The 15 papers included after the backward snowballing are shown in blue. Based on the content of these papers we answer our research questions in Section 3.
RESULTS AND DISCUSSION
The extracted data and the knowledge acquired after reading the papers subsidize the answers to our research questions.
Requirement Negotiation Techniques (RQ1)
A total of 10 requirement negotiation techniques have been identified in the 33 included papers. The techniques are shown in Table 2 together with its reference. The techniques are described hereafter ordered by their chronological proposal. (I) WinWin: It is based on the theory W (Boehm et al., 1994 (IV) MPARN (Multi-Criteria Preference Analysis Requirements Negotiation): it is also based on the WinWin model. However, it is more objective and systematic than WinWin. MPARN applies the systematic analysis of the preferences by using weights and points. For the purpose of defining the criteria it is necessary to implement the following steps: (i) Eliciting Win Conditions; (ii) Identifying issues and conflicts; (iii) Exploring conflict-resolution options; (iv) Exploring objective criteria; (v) Assessing options based on the criteria; (vi) Assessing relative weights for criteria by each stakeholder; (vii) Ranking options; and (viii) Post-analysis for agreements.
(V) Quantitative WinWin: It is very similar to the WinWin technique, however the former uses Analytic Hierarchy Process (AHP) to classify the requirements and the stakeholders and measuring their importance. In the end, a sequence of iterations of analysis is performed to determine the optimal result.
(VI) QA EasyWinWin: It is a gathering of Easy WinWin with quality assurance practices, so it has all of Easy WinWin's steps and still involves applying some quality assurance techniques before, during and after the negotiation.
(VII) Collaborative QFD (Quality Function Deployment): It involves a matrix of correlation values between requirements and specifications. This matrix is used in the following way: (i) users' requirements are elicited to relevant stakeholders and placed in the left-hand side (rows); (ii) with the help of the stakeholders, the requirements are converted to technical specifications and placed at the upper side (columns); (iii) the stakeholders are then invited to complete the matrix with their perceived correlations; (iv) a list of requirements priorities is defined; and (v) a list of technical specifications priorities is defined. This one can be considered a requirement negotiation technique when stakeholders participate in meetings collaboratively to define values for the matrix. In order to use the technique, 3 external elements are needed: scenario, criterion, and resolution strategy. The scenario consists of a stakeholders mapping, the criterion would be the way how the requirements are prioritized and the strategy is one archetype of conflict resolution.
(X) WinWin with Scrum: It is based on WinWin Technique and therefore has the same steps. However, it defines roles, the order of meetings, and the use of artifacts in the same way as Scrum. The main difference is that there must be a negotiation meeting for each Sprint, whereas in WinWin, the meetings do not have a defined schedule and well defined roles. The Product Backlog and Sprint Backlog are adapted to contain requirements. The PMO defines the requirements together with the clients, the Master Negotiator ensures the proper functioning of the meetings and Negotiation Team raise points for discussion. (Boehm et al., 1994) ; (Boehm et al., 1995) ; (Lee, 1996) ; ; (Boehm and Egyed, 1998) ; (Boehm and Egyed, ) ; (Boehm et al., 1998a) ; (Boehm et al., 1998b) ; (Egyed and Boehm, 1999) ; ; ; (Ruhe, 2002) ; (Raja et al., 2007) ; (Boehm and Kitapci, 2006) ; (Grünbacher et al., 2007) ; (Khan et al., 2014 ) Easy WinWin ; (Grünbacher, 2000) ; ; ; (Stallinger and Grünbacher, 2001) ; (Briggs and Grünbacher, ) ; (Grünbacher and Braunsberger, 2003) ; (Grünbacher and Seyff, 2005) ; CBSP ); MPARN ; (In and Olson, 2004 
Environments, Types of Research and Types of Primary Studies
Concerning SQ1 (environment), most techniques have been applied only in academic environments (Figure 1 ) in order to improve the techniques and/or software engineering education. Thus, apparently little is known about the adherence and acceptance of these techniques by industry. Regarding SQ2 (research type), it is possible to observe (Figure 2 ) that solution proposals and evaluation research are predominant, closely followed by experience papers.
Out of the papers containing primary studies (SQ3), most were case studies conducted in the academic context (e.g., tasks to be completed using the negotiation techniques), although some were also 
Advantages, Disadvantages and Main Findings
The purpose of this subsection is to answer SQ4 and SQ5, providing information on advantages, disadvantages, and findings regarding the techniques.
Advantages
The WinWin, when applied by using the Spiral Model, and the WinWin with Scrum are reported to be able to handle changes and accept new requirements in any step of the negotiation. ) (Khan et al., 2014) . One cited advantage concerning WinWin with Scrum and Easy WinWin is a shorter time to reach the negotiation goals (Khan et al., 2014 ) (Briggs and Grünbacher, ) . The Easy WinWin and the WinWin techniques are reported to have a very effective approach for communication and collaboration between two or more stakeholders. ) (Boehm and Egyed, ) . According to Grünbacher (2000) , the Easy WinWin technique also avoids stakeholders to be judged by their opinions. The Win CBAM, the CBSP and the QA Easy WinWin techniques include steps for assessing the agreement between two or more stakeholders (Kazman et al., 2005) ) (Grünbacher et al., 2004b) . These last two techniques also are mentioned to promote the comprehension between distinct viewpoints (technique vs functional) ) (Grünbacher et al., 2004b) . On the other hand, QA Easy WinWin and WinWin present domain flexibility (Grünbacher et al., 2004b) . The Quantitative WinWin and MPARN techniques, differently from all others, focus on adapting the WinWin technique to obtain a decision-making in a more quantitative and objective way (In and Olson, 2004) .
Disadvantages
Most of the analyzed papers do not directly mention disadvantages. Indeed, these papers, in some way, seem to recommend the use of the presented techniques. This may be due to publication bias. Consequently, some of the following disadvantages are the result of the interpretation by the authors.
In the WinWin technique, at the stage of negotiation, a stakeholder might not feel fully satisfied with the agreements, because they may have accepted more than they would like to.
Since the WinWin technique is subjective, it might be necessary to organize more negotiation meetings to analyse a set of requirements when compared to using Quantitative WinWin (Ruhe, 2002) .
The Quantitative WinWin technique and MPARN, on the other hand, are more objective and are highly dependent on tools, whereas it is possible loosing focus during the requirements comparison assignments, in cases where there are many requirements to be analyzed. In this regard, the stakeholders need to be guided to not forget to perform comparisons. The MPARN helps to make local decisions, however, it is not completely effective for global decisions (In and Olson, 2004) . It is noteworthy that we did not identify studies evaluating the Quantitative WinWin and MPARN in practical industrial contexts. Therefore, their adoption might still be associated to unknown risks. In Collaborative QFD, the larger the matrix and more stakeholders, the shorter the time for decision making and the longer the total time of the negotiation process (Ramires et al., 2005) .
Main Findings
The main findings can be summarized as follows: (i) Users and clients were more active in defining win conditions, while developers and analysts were more active in resolving issues and trying to find options ); (ii) There are several ways to apply MPARN due to a lot of kinds of mathematical formulas in its steps ; (iii) Easy WinWin helps in the software documentation and it is interesting to associate it with a software inspection technique (Khan et al., 2014) ; (iv) Stakeholders tend to accept satisfying Win Conditions. Once they achieved them, they do not engage to obtain an optimal solution for themselves ); (v) It is important to develop prototypes during the negotiation and the software development process, so that users and customers do not change their minds at the end of negotiations (Boehm et al., 1998a) ; (vi) A lot of Win Conditions can be achieved, when brainstorming is used ; and (vii) Face to face negotiation provide a sense of confidence and security to stakeholders .
In some papers, WinWin and Spiral WinWin are considered as requirements negotiation models (more abstract then techniques). They are described as an outline that defines the general negotiation steps.
Indeed, most of the identified techniques can be seen as variations of WinWin (e.g., WinWin with Scrum, Quantitative WinWin and MPARN are basically WinWin with mathematical models, EasyWinWin is based on WinWin with a stronger focus on collaboration, QA Easy WinWin extends EasyWinWin with quality assurance practices, Win CBAM is basically WinWin applied to software components).
Limitations and Threats to Validity
As any study, ours also faces limitations and threats to validity. The first one is a lack of a clear taxonomy for requirements negotiation techniques. For instance, we identified papers in which negotiation was defined as prioritization, involving just one stakeholder. In these cases, we did not consider it as a negotiation technique. In other cases, authors used the word framework for different meanings (e.g., system, tool, model, technique). To minimize this threat, before building our mapping protocol, we agreed on a precise definition of what a requirements negotiation technique represents for us (cf. Section 1).
The filtering process is effort intensive and involves human judgement. In many cases the title and abstract could lead us to exclude a paper due to not allowing a precise understanding that the focus of the paper is on requirements negotiation techniques. Although this threat can not be directly handled, the filtering process was conducted independently by two researchers and a third researcher was involved to solve eventual differences.
Forward snowballing (Felizardo et al., 2016 ) was not applied. This was mainly because the quantity of papers citing the 33 identified papers would be too large to be handled with reasonable effort. For instance, according to Google Scholar, (Boehm et al., 1998a) (Boehm et al., 1995) (Boehm et al., 1994 ) ) papers alone were cited in almost 1000 papers. Thus, some more recent papers might not have been identified, given that we used only one digital library (even though it claims being the largest).
Hence, as an additional quality assurance mechanism we identified the three authors with most publications among the 33 identified papers (Barry Boehm, Paul Grünbacher, and Alexander Egyed, involved in 22 of the 33 identified papers) and verified within the titles of their online DBLP computer science bibliography if there were additional papers to be included. This additional verification improved our confidence in the reliability of the results. During this process we found only three additional papers: (Grünbacher et al., 2004a) , (Kitapci and Boehm, 2007) , and (Vogl et al., 2011) . The first one was not indexed in Scopus. The other two did not include the word software in the title, abstract or keywords. However, the word software was needed to add precision to the search string. All three would have been retrieved applying forward snowballing, since they all cite some of the 33 identified papers. The effort of applying forward snowballing to complement the results will be the focus of a future work.
CONCLUSIONS
This paper describes a systematic mapping about software requirements negotiation techniques. Its contributions are the protocol planning and the mapping results. We identified 33 papers that describe 10 different requirements negotiation techniques. For each of these techniques we extracted and summarized their information. Additionally, we highlighted findings mentioned in the identified papers, and reported advantages and disadvantages of the techniques.
We believe that these pieces of information are useful to both, researchers and practitioners. Researchers might obtain an overview of the research conducted concerning requirement negotiation techniques. The practitioners in turn might use the results to help them to choose a technique. It is important to emphasize that the negotiation of requirements is an inherent activity to the software development process, that happens with or without a technique, although choosing a technique may improve this process. Also, we identified a lack of evaluations conducted in industry. Therefore, future work could involve conducting empirical studies in industry. Also, a survey with practitioners could allow us to verify whether the industry is aware of the identified techniques (or others) and if it already uses some of them.
